AbStrAct. We evaluated the ratio between the number of pollen foragers and the total number of bees entering colonies of Melipona bicolor, a facultative polygynous species of stingless bees. The variables considered in our analysis were: seasonality, colony size and the number of physogastric queens in each colony. The pollen forager ratios varied significantly between seasons; the ratio was higher in winter than in summer. However, colony size and number of queens per colony had no significant effect. We conclude that seasonal differences in pollen harvest are related to the production of sexuals and to the number of individuals and their body size.
IntroDuctIon
Pollen, the main protein source for larvae and adult bees, is one of the principal resources gathered by bees; its use is highly related to brood production (Roubik, 1989; Roulston and Cane, 2000; Thorp, 2000) . In social Apidae, foragers carry pollen to their nests on their hind tibial corbiculae (Thorp, 2000) . Pollen can be stored in the nests, for future use when climatic conditions become unfavorable for foraging (Roubik, 1982 (Roubik, , 1989 Lacerda et al., 1991) . Bees and their colonies have to fit their pollen needs to the availability of flowering plant species, which varies seasonally (Fowler, 1979; Roubik, 1982; Eltz et al., 2001; Ramalho, 2004) .
Intra-colonial factors can also influence the foraging behavior of the bees (Roubik, 1989; Hilário et al., 2000 Hilário et al., , 2003 Biesmeijer and Slaa, 2004; Hofstede and Sommeijer, 2006) . Pollen storage and pollen harvesting are related to colony size (number of individuals) and worker behavior, since larger colonies have more individuals and foragers than smaller ones (Roubik, 1982) .
We investigated the ratio between the number of pollen foragers and the total number of bees entering the colony in a eusocial stingless bee, Melipona bicolor bicolor. Variables considered in our analysis were: season, colony size and number of physogastric queens in each colony.
MAterIAL AnD MetHoDS
Melipona bicolor (Lepeletier, 1836) is unique among the stingless bees because of its facultative polygyny, which is rare among eusocial bees (for a review, see Velthuis et al., 2006) . It is an inhabitant of Atlantic Rainforest and Araucaria Forest, where it nests in hollows of live and dead trees. This bee species is found from South to East Brazil, Bahia State, Paraguay and Argentina (Camargo and Pedro, 2008) .
Twenty colonies of Melipona bicolor bicolor Lepeletier from Cunha, São Paulo State (23°05'S, 44°55'W) were kept in wooden boxes measuring 33 (L) x 25 (W) x 12 (H) cm at the Bee Laboratory of the Ecology Department, University of São Paulo in the city of São Paulo (23°33'S, 46°43'W). The bee lab is inside an area defined as a semi-natural environment (Wilms and Wiechers, 1997) . The local climate is Cfb (Köppen), i.e., constantly moist with rain throughout the year, with fresh winters and hot summers (Herrera et al., 1997) .
The colonies were categorized as large, small or medium according to the general conditions, as estimated by number of bees, brood comb size and number of food pots (see Hilário et al., 2000) ; the number of physogastric queens present in each colony was also noted. These colonies will be referred hereafter as M1 to M20.
A total of 1700 observations were made, 855 in winter and 845 in summer. The winter observations were made from 8:00 to 18:00 h, from July 26 to September 10, 1993 (colonies M1 to M7) and from August 8 to September 5, 1995 (colonies M8 to M10) . The summer observations were made from 6:00 to 19:00 h, from February 11 to 15, 2002 (colonies M11 to M17) and from March 1 to 8, 2006 (colonies M18 to M20) . Each observation lasted 5 min and involved counting of the total number of bees that entered the colony, carrying or not visibly apparent material. The number of pollen foragers was also noted. Air temperature and relative humidity were also recorded before each count, with a thermo-hygrometer.
We calculated for each colony the ratio between the number of pollen foragers and the total number of bees entering the colony, just as Moretto et al. (1990) did. All ratios were reported as percentages. Henceforth these ratios will be called "P:E values". For statistical analysis the SPSS for Windows release 8. 0. was used. The Kruskal-Wallis test was used for differences in P:E values between seasons, colony size and number of physogastric queens. Spearman correlations were also made between P:E values, colony size and number of physogastric queens within each season.
Numerical data from other authors were rarely available for comparison ( 
reSuLtS
Air temperatures (mean ± SD) measured at the study site during the experiment in winter were: 18.9 ± 3.6°C (1993), 22.5 ± 4.2°C (1995) , and in summer: 24.5 ± 3.4°C (2002), 25.6 ± 3.4°C (2006) . Relative humidity (mean ± SD) was: 77.8 ± 11.7% (1993) and 57.5 ± 14.9% (1995) in winter, and 76.9 ± 17.3% (2002) and 74.8 ± 23.1% (2006) in summer.
The mean P:E value in M. bicolor was 15.54%, ranging from 2.63 (M11) to 39.10% (M1). In general, P:E values in winter (mean = 23.76%) were higher than those in summer (mean = 9.02%), showing that there were more pollen foragers in winter than in summer (Figure 1) . The P:E values differed significantly between summer and winter (H = 7.823; d.f. = 1; P = 0.005), but were not affected by colony size (H = 1.945; d.f. = 2; P = 0.378) or by the number of physogastric queens present in each colony (H = 1.602; d.f. = 3; P = 0.659). An association was found between the P:E values and seasons of the year (rho = -0.642; P = 0.002). During winter, there was a significant correlation between colony size and the number of physogastric queens (rho = 0.790; P = 0.007), but not during summer (rho = -0.202; P = 0.575).
The P:E value means classified by colony size in winter were: 24.29 (small), 28.04 (medium) and 22.71 (large). In summer, the values were: 6.21, 10.45 and 9.03, respectively. The P:E values were not correlated with colony size (winter: rho = 0.303; P = 0.395; summer: rho = 0.289; P = 0.417) or with the number of physogastric queens in each colony in winter (rho = 0.374; P = 0.287). But in summer, a significant correlation was found between P:E values and the number of physogastric queens (rho = -0.649; P = 0.042).
Generally, P:E values were not related to colony size or to the number of physogastric queens in each colony (Figure 1 ).
DIScuSSIon
The flight activity of bees and pollen release by plants are both influenced by environmental factors (Roubik, 1989) . Although tropical seasonality is not as well defined in the Southern Hemisphere as in Northern Hemisphere, seasons might play a role in the foraging behavior of bees in subtropical areas (Fowler, 1979) . The climatic conditions in our study area were not similar to those recorded historically , due to warm winters and summers (Climanálise, 2002 (Climanálise, , 2006 . Nevertheless, summer temperatures were higher than winter ones and, as expected, in absolute terms, the number of foraging flights was higher in summer than in winter. This number was also higher in large colonies than in small ones. In some cases, our P:E values were similar to those found in other studies (Table 1) . For example, the general mean for M. bicolor was similar to the mean of M. rufiventris (in a one-year study), as also some P:E values in winter ( Figure 1 ) were similar to those of several other Melipona species (Table 1) . However, the differences in temperature and floral resource availability, as well as in the physiology and behavior of the stingless bees, make a more detailed comparison difficult, even with respect to seasonality. Nevertheless, there appears to be an influence of flora on P:E values (Table 1) when we compare the values obtained at Curundu with those from Barro Colorado Island or from Parque Nacional Soberania (Roubik and Buchmann, 1984) . In our study area, winter is a cold and dry season, and flowering increases considerably in spring, a quite different condition from that found in Panama (Roubik and Buchmann, 1984) , in Indonesia (Inoue et al., 1985) , in Uganda (Kajobe and Echazarreta, 2005) or in the Brazilian Amazon (Cortopassi-Laurino et al., 2007) .
However, percentages of pollen foragers that entered the colonies were higher in winter than in summer. As these data were obtained after a hiatus of at least seven years, changes in the local flora could have affected pollen availability. Although polylectic, M. bicolor foragers prefer pollen from Myrtaceae, Melastomataceae and Solanaceae (Ramalho et al., 1989; Wilms and Wiechers, 1997) . These plant families have been in our study area since at least the 70's (Iwama and Melhem, 1979; Rensi, 2006) . Therefore, we consider that this hiatus did not influence our results.
Another factor that could have influenced the seasonal differences in P:E values of M. bicolor would be the arrival of new colonies of diverse species of stingless bees in the laboratory, after 1996. Competition could have resulted in the harvest of a smaller amount of pollen by the bees during the summers of 2002 and 2006 compared to the winters of 1993 and 1995. An example of possible competition was observed in the daily P:E values of Trigona itama; during the two first days of the study of Inoue et al. (1985) they were higher (25.62%) than those of Trigona minangkabau (14.69%) and Trigona moorei (18.53%). During the other two days, P:E values of these species were higher (T. minangkabau: 18.18%; T. moorei: 22.09%) than the ones of T. itama (3.7%; the values of Table 1 refer to the complete period of the study, i.e, 4 days).
Fortunately, we could investigate the seasonality in P:E values of studies performed with another species in the same study area, in the same year or in subsequent years. In 1994, P:E values for one colony of Plebeia pugnax Moure (in litt.) were higher in summer (21.0%) than in winter (15.1%) (Hilário and Imperatriz-Fonseca, 2002) . Sanches (2002) observed that in 5 of 6 colonies de Friesella schrottkyi, P:E values were higher in cold (32.5, 43.0, 42.7, 48.7, 42.5, and 30 .6%) than in warm months (27.3, 20.0, 35.1, 44.1, 37 .0, and 44.5%). Rensi (2006) mentioned that P:E values in two colonies of Melipona marginata were higher in winter (2004; 3.3 and 4.5%) than in summer (2003-2004; 2.1 and 3.1%) . Nunes-Silva (2007) Pollen foraging in Melipona bicolor colonies found that P:E values in two colonies of Plebeia remota were higher during the phase of queen oviposition (summer of 2006-2007; 29.7 and 24.8%) than in the reproductive diapause phase (cold months, 2006; 2.2 and 3.7%).
Thus, with respect to seasonality, our results were similar to those obtained by Sanches (2002) and Rensi (2006) , but were different from those reported by Hilário and ImperatrizFonseca (2002) and Nunes-Silva (2007) . However, the species in these studies were small bees that adopt different strategies for low-cost survival, as for instance, reproductive diapause in P. remota during cold months (see Ribeiro et al., 2003 , for more details). The differences between the P:E values of M. marginata at our study site (Rensi, 2006) and in Rio Grande do Sul State (Table 1 ; Borges and Blochtein, 2005) could be related to the phenomenon of reproductive diapause occurring only in the latter species. Nunes-Silva (2007) suggests that reproductive diapause might be an important intra-colonial factor influencing foraging behavior during winter. Generally, species that do not present diapause collect more pollen in winter than in summer and species that go into diapause do the opposite.
Other factors can affect P:E values. In 2002, the external entrance of a large colony (M14) was removed one week before the experiment. Since it had stored pollen, there were few pollen foragers (5.26%) as the bees collected copious amounts of mud to rebuild their entrance. In 2006, a few days before the experiment, two colonies (M18 and M20) had a significant loss in population (including the only physogastric queen: M20). Certainly, this influenced pollen harvesting by the bees (M18: 8.33%; M20: 12.00%). Similarly, foragers from one colony of Melipona compressipes triplaridis concentrated their efforts almost solely on nectar collection, while workers from a colony of Melipona fuliginosa harvested much more pollen than nectar (Table 1 ; Roubik and Buchmann, 1984) . Sudden mass flowering events ("big bang" flowering) may also affect harvesting behavior (Nagamitsu and Inoue, 2002; Ramalho, 2004 ). An illustrative example of this phenomenon was observed by Pierrot and Schlindwein (2003) in Melipona scutellaris. The mean P:E value for November and December was 13.16%; it increased to 37.15% when there was "big bang" flowering. Consequently, we can see that the internal needs of the colonies (intra-colonial factors) drive their harvesting behavior (Roubik, 1989; Hilário et al., 2000 Hilário et al., , 2003 Biesmeijer and Slaa, 2004; Hofstede and Sommeijer, 2006) .
We evaluated the pollen influx, but did not look at the size or quality of this pollen. Pollen quality is mainly measured by the protein content, which determines the growth of the larvae and consequently, the body size of the bees (Roulston and Cane, 2000) . Pollen harvesting is affected by forager and colony size. Smaller foragers carry relatively more pollen than bigger ones in the same species (Ramalho et al., 1998) . On the other hand, bigger colonies produce larger foragers (Lacerda et al., 1991; Ramalho et al., 1998; Hilário et al., 2003) and have more individuals (and foragers) than smaller ones (Hilário et al., 2000) . Thus, bigger colonies harvest larger quantities of pollen than intermediate and smaller colonies.
We suggest that the small percentage of pollen foragers in summer affects the larval food of bees that will be born in autumn and winter. During cold months, the number of bees is in decline, but they have a large body mass and greater longevity (van Benthem et al., 1995; NunesSilva, 2007) . On the other hand, the higher percentage of pollen collectors in the winter reflects in an increased number of bees in the spring and summer, with small body mass and shorter longevity. This is at a time when there is an abundance of floral resources to be harvested.
An alternative (or additive) explanation is based on sex determination in Melipona, which is genetic, although food can maximize the queen production in the colonies (Kerr et al., 
